The Well of the Well (WOW) system has been developed to culture embryos in small groups or to track the development of single embryos. In the present study, we aimed to examine the effects of the microenvironment provided by the WOW system and embryo density on developmental rates, embryo quality and preimplantative gene expression profile of the resulting embryos. Embryos cultured in a group of 16 reached the blastocyst stage at a significantly lower level than zygotes cultured in a group of 50 (22.2 vs 30.3%), whereas zygotes cultured in WOW were able to compensate against low embryo densities, reaching a blastocyst rate as high as embryos cultured in a group of 50 (31.3 vs 30.3%). Moreover, embryos derived from WOW culture did not differ in terms of differential cell counts and apoptotic cell index compared with controls. The gene expression analysis revealed 62 transcripts to be upregulated and 33 transcripts to be downregulated by WOW culture. Comparing the in vivo derived blastocysts with the blastocysts derived from WOW culture, and group culture, expression of ATP5A1, PLAC8 and KRT8 was more similar to the embryos derived from WOW culture, whereas expression of S100A10 and ZP3 genes was more similar to blastocysts cultured in a group. In conclusion, microenvironment as well as embryo density significantly affected developmental rates. While subsequent blastocysts did not differ in terms of differential cell counts and apoptotic cell index, significant differences were observed in terms of the relative abundance of transcripts in the resulting embryos. 
Introduction
The preimplantation mammalian embryo is relatively autonomous and can regulate cell cleavage and differentiation without being in contact with the maternal reproductive tract (Schultz & Heyner 1993) . In vivo, it is exposed to numerous factors that are absent in vitro and which mediate the maternal-embryonic dialogue (Paria & Dey 1990 , Hill 2001 ). This could partly be responsible for the impaired in vitro development and viability of in vitro cultured preimplantation embryos (Harlow & Quinn 1982) . Moreover, in vitro derived embryos show altered gene expression (Wrenzycki et al. 1998 , 2001 , Niemann & Wrenzycki 2000 as well as increased rates of apoptosis (Brison & Schultz 1997) .
Nevertheless, a number of previous investigations proved that in vitro culture of mammalian embryos may be remarkably successful when the embryos are kept in large groups during the whole culture period (Paria & Dey 1990 , Ferry et al. 1994 . However, apart from the large-scale production of embryos for experimental purposes, most commercial and human embryo culture systems require culturing individually or in small groups. The reason for this need is the small number of available oocytes (ovum pick-up (OPU) technology, single slaughtered valuable oocyte donors, human IVF) as well as only single embryo culture allows tracking individual embryos throughout the whole culture period (Moessner & Dodson 1995) .
Therefore, several techniques for single IVP systems have been developed (Lane & Gardner 1992 , Kato & Tsunoda 1994 , Blondin & Sirard 1995 , Hazeleger et al. 1995 , Carolan et al. 1996 , O'Doherty et al. 1997 . However, if single embryo culture is associated with a low embryo density (embryo number: medium volume ratio), the development in this situation is handicapped indicated by low blastocyst rates, low cell numbers and decreased production of interferon-t (O'Doherty et al. 1997 , Larson & Kubisch 1999 , Khurana & Niemann 2000 . Thus, embryo density that determines the interaction of embryonic factors in the microenvironment seems to be an important factor for the effectiveness of bovine vitro culture (Fujita et al. 2006 , Nagao et al. 2008 .
Due to that the most commonly used method when culturing few embryos to decrease the embryo/volume rates is to place the embryos in small droplets (Fujita et al. 2006 , Nagao et al. 2008 . Ferry et al. (1994) observed the best embryonic development of bovine embryos to the blastocyst stage (18%) at a density of 1:1 (embryos: volume culture medium). When culturing embryos in a density of 1:10, the same authors reached a blastocyst rate of 2.5%. Fujita et al. (2006) identified an embryo density of 1:5 to be most beneficial; however, the culture of single bovine embryos to the blastocyst stage in droplets of 5 ml failed (Ferry et al. 1994) . Therefore, individual culture of bovine embryos in droplets is harmful because of a low embryo density or leads to low developmental rates due to small total volumes. Culturing embryos in small droplets may lead to an accumulation of toxic substances such as ammonia (Gardner & Lane 1993 , Sinclair et al. 1998 ) and oxygenderived radicals (Johnson & Nasr-Esfahani 1994) , which may be harmful for embryos or are suggested to lead to late developmental anomalies. Medium changes every 48 h could theoretically compensate against this toxic accumulation, but this manipulation may have harmful effect on embryo development (Fukui et al. 1996) and would lead to an elimination of positive acting autoand paracrine factors too.
To overcome these problems, the Well of the Well (WOW) culture system has been developed previously (Vajta et al. 2000) . WOWs (semi-isolated microenvironments with 0.15-0.04 ml) on the bottom of a conventional four well dish provide a constant and suitable microenvironment for embryos and the open condition of the WOW system seems to be a good compromise between the controversial needs of large (nutrition and dilution of metabolized toxic products) and small (accumulation of autocrine and paracrine factors) volumes. Most recently, the WOW system has been used to culture human preimplantative embryos up to the blastocyst stage (Vajta et al. 2008) . Comparative studies on the effects of various embryo densities have generally focused on the percentage of embryos that proceed to the blastocyst or hatched blastocyst stages (Ferry et al. 1994 , Fujita et al. 2006 . While it is reasonable to use such developmental end points as markers of the efficiency of culture systems, other groups have analysed morphological aspects like differential cell counts or apoptotic cell index (Fouladi-Nashta et al. 2005) . Nevertheless, new parameters to determine bovine embryo quality are necessary. Although lots of studies have dealt with differences in gene expression pattern between in vivo derived bovine embryos associated with high quality and in vitro derived embryos associated with poor quality, only few have been reported about the effects of varying embryo densities on bovine preimplantative gene expression. To our knowledge, only de Oliveira et al. (2005) reported the effect of different embryo densities on transcript expression of certain genes. The relative abundance of HSPA1A transcripts in day-7 blastocysts was found to be higher in embryos produced in embryo densities of 1:5 than in 1:20, whereas no difference in terms of SLC2A1 mRNA was observed. Moreover, studies examining the pattern of expression of important genes as a function of embryo culture in WOWs are still lacking. Although some pregnancies have been achieved after the transfer of human embryos derived from WOW culture (Vajta et al. 2008) , it is still unresolved whether the gene expression pattern of embryos culture in WOWs is affected by microenvironment and/or embryo density.
Therefore, in this study, we aimed to examine both the effect of the microenvironment provided by the WOW and different embryo densities on embryo quality. To gain as much information as possible, we analysed the effects of WOW culture and embryo density on developmental rates, embryo quality in terms of differential cell count and apoptotic cell index as well as the gene expression profile of the resulting bovine embryos.
Results

Experiment 1. Effect of microenvironment on in vitro developmental characteristics of bovine zygotes
Zygotes cultured within WOWs (nZ176) showed no difference in terms of cleavage rate compared with embryos cultured in a group of 16 or a group of 50. By contrast, embryos cultured in a group of 16 reached the blastocyst stage at a significantly lower rate than zygotes cultured in the group of 50 (22.2 vs 30.3%), whereas zygotes cultured in WOWs reached a developmental rate to the blastocyst stage not different from group of 50 control group (31.3 vs 30.3%), but being significantly superior compared with embryos cultured in the group of 16 culture system (29.0 vs 22.2%) as shown in Table 1 .
Moreover, blastocysts derived from culture in WOWs did not exhibit differences with blastocysts derived from (Fig. 3 ) including structural constituent of ribosome (RPS29), protein binding (CUL1), calcium ion binding (S100A10, NPTX2), nitric-oxide synthase regulator activity (HSP90AA2) and RNA polymerase II transcription factor activity (UHRF1). However, control blastocysts derived from group of 16 culture system were found to be enriched with genes involved in oxidoreductase activity (ALOX15, AKR1B), cytochrome-c oxidase activity (COX7A2), hydrogen ion transporting ATP synthase activity (ATP5O), transcription (PTTG1), cell redox homeostasis (TXN). According to their biological process, genes enriched in blastocysts derived from WOW 16 culture system belong to 'small molecule transport' and 'signal transduction' whereas certain genes downregulated in blastocysts derived from WOW 16 culture system have a metabolic function (Fig. 4) . Real-time PCR analysis of ATP5A1, PLAC8, KRT8, S100A10 and ZP3 genes between blastocysts derived from the WOW 16 culture system, group of 16, group of 50 and in vivo-derived embryos culture showed that the relative abundance was confirmed. In any case, the relative abundance was significantly higher for blastocysts derived from in vitro culture compared with blastocysts derived from in vivo flushings (gold standard). For the genes ATP5A1, PLAC8 and KRT8, the relative abundance of these transcripts was higher in blastocysts derived from group of 16 culture compared with that of blastocysts derived from the WOW 16 culture system ( Fig. 5A -C). For these genes, expression was higher in blastocysts derived from group of 50 culture compared with those derived from group of 16 culture. The expression of S100A10 and ZP3 was not different between blastocysts derived from group of 50 culture and group of 16 culture but was significantly lower compared with blastocysts derived from the WOW 16 culture system (P!0.05) as shown in Fig. 5 . For both genes, the transcript amount was lowest in blastocysts derived from in vivo flushings at day 7.
Discussion
In this study, we were able to compare the differences in development, differentiation, apoptosis and gene expression for embryos cultured in different microenvironments as well as the effect of embryo density in terms of development, differentiation, apoptosis and expression of ATP5A1, KRT8, PLAC8, S100A10 and ZP3 genes.
As a result, embryos cultured in a group of 16 showed lower development to the blastocyst stage than embryos cultured in a group of 50. The difference between these treatments is an embryo density of 1:32 for the culture in group of 16 and 1:10 for group of 50 culture. This is in agreement with the previous reports that showed that embryo density is an important factor in bovine (Ferry et al. 1994 , Palasz & Thundathil 1998 , Fujita et al. 2006 , Nagao et al. 2008 , pigs (Taka et al. 2005 ) and mice (Kato & Tsunoda 1994 , Thouas et al. 2003 . Ferry et al. (1994) reported the best embryonic development of bovine embryos to the blastocyst stage (18%) at an embryo density of 1:1 (embryos: volume culture medium) whereas Fujita et al. (2006) identified an embryo density of 1:5 to be most beneficial. Compared with these studies, embryo density was relatively low (1:32) in our experiments when cultured in group of 16 or WOW 16. However, these studies cannot be compared directly with our study, because in these experiments drop culture was used whereas we cultured in dishes.
When we cultured 16 embryos each single in one WOW in the same embryo density (1:32) as we did in the group of 16 culture, WOWs significantly improved the developmental potential to the blastocyst stage comparable with embryos cultured in an embryo density of 1:10 (group of 50). This result is in accordance with the recent reports showing that the blastocyst rate was improved by the WOW system (Vajta et al. 2000 , Taka et al. 2005 . The microenvironment created by the WOWs might allow a suitable concentration of embryonic factors surrounding embryos to be maintained, which compensates against lower embryo numbers in the total culture volume. Also, the open condition of the WOW culture system may diffuse toxic substances originating in embryo metabolism.
Embryos cultured in WOWs did not differ in terms of differential cell counts and apoptotic cell index compared with controls. That is in accordance with the previous reports, which showed no difference in differential cell counts both for bovine (Vajta et al. 2000) and porcine embryos (Taka et al. 2005 ) cultured in the WOW system compared with embryos cultured in groups. Contrarily, a large-scale change of the global gene expression profile was observed between blastocysts developed in WOWs and blastocysts derived from group of 16 culture. To our knowledge, this is the first publication observing a large-scale change in the gene expression pattern related to microenvironmental properties. A total of 95 differential expressed transcripts were identified. Since the BlueChip compares 2000 transcripts these means w5% of all transcripts are differentially expressed among different treatments. Considering their molecular functions, blastocysts derived from WOW culture were found to be enriched with genes regulating ATP binding and reduced in oxidoreductase activity. The capacity of an embryo to produce ATP via oxidative phosphorylation is directly related to the oxygen consumption (Trimarchi et al. 2000) and oxygen consumption itself has been regarded as the best indicator of overall metabolic activity and a valuable parameter for evaluating embryo quality (Houghton et al. 1996 , Trimarchi et al. 2000 . Moreover, it is agreed that oxygen consumption is higher among embryos of superior morphological quality (Magnusson et al. 1986 , Shiku et al. 2001 , which has been confirmed involving both in vivo (Lopes et al. 2007 ) and in vitro produced embryos ) and leads to higher pregnancy rates (Trimarchi et al. 2000 , Lopes et al. 2007 ). This showed embryos cultured in WOWs to be enriched with transcripts related to their further developmental potential. On the other hand, higher oxygen consumption by the embryos could also be a result of the increased accumulation and need for neutralization of reactive oxygen species (Harvey et al. 2002) indicating a less suitable microenvironment. However, culture of hemi-embryos at two-cell stage up to the blastocyst stage in the WOW system has shown high post-implantative developmental competence (Tagawa et al. 2008) . Contrarily, blastocysts derived from WOW culture were found to be reduced with genes associated with metabolic activity. This is in accordance with a previous report in which increasing the distance between the embryos decreased their metabolic activity (Gopichandran & Leese 2006) . According to their biological process, genes associated with small molecule transport and signal transduction are also enriched in blastocysts derived from WOW environment. That would be accompanied by the accumulation of auto-and paracrine factors in the WOW system as proposed before (Thibodeaux et al. 1993 , Stoddart et al. 1996 , O'Neill 1997 , Stoddart et al. 2001 .
Blastocysts derived from WOW culture show higher expression of the CUL1 gene and a lower expression of the TXN gene compared with bovine embryos cultured in group. High expression of CUL1 could be an indicator for improved developmental competence because it has been shown to be associated with early embryonic death in murine (Wang et al. 1999 , Dealy et al. 1999 . In contrast to that, low expression of TXN appears disadvantageous as observed in rats (Matsui et al. 1996) . Considering other differentially expressed genes is controversial as well: contemplating genes downregulated in blastocysts derived from WOW culture, low expression of PTTG1 and KRT8 have been reported to be favourable for increased pregnancy rates and calf deliveries (El Sayed et al. 2006 ) whereas low expression of ALOXI5 and PLAC8 has been reported to be associated with lower percentage of embryo implantation in the same report. In conclusion, although bovine blastocysts cultured in WOWs display a largely different gene expression pattern compared with embryos cultured in usual wells, it remains unclear whether these changes correlate with increased or decreased embryo quality.
Some of the genes that have been found to be differentially expressed are similar to other studies in which the BlueChip array has been used. For example in El- Sayed et al. (2006) KRT8 and PLAC8 were differentially enriched in biopsies from embryos resulted in resorption and in calf delivery respectively. However, since the use of the same cDNA array platform in different experiments can lead to the generation of similar candidates, the abundance of these genes at transcript level need to be interpreted carefully and therefore we compared blastocysts of different in vitro culture systems with in vivo derived ones by checking the relative transcript expression of five selected genes. All five genes showed an expression profile as it is observed in microarray analysis. Interestingly, the Lazzari et al. (2002) . For ATP5A1 and PLAC8, gene expression level was the highest for group of 50 culture, followed by group of 16 culture, WOW culture and the lowest for vivo-flushed embryos. Therefore, expression of these two genes seems to be affected by embryo density as well as microenvironmental properties. On the other hand, the expression level of KRT8 was similar in blastocysts derived from group of 50 and group of 16 culture, but was clearly affected by the microenvironment of the WOW itself. Moreover, the expression of KRT8 was the lowest in embryos derived from vivo flushings, but not significantly different to blastocysts derived from WOW 16 culture system. Taken together, ATP5A1, PLAC8 and KRT8 expressions of in vivo derived bovine embryos were more similar to embryos derived from WOW culture indicating a high degree of normality. On the contrary, the expression of S100A10 and ZP3 genes was not affected by embryo density, but clearly influenced by WOW culture. The expression of these two genes in in vivo derived blastocysts was more different from WOW-derived blastocysts than from embryos cultured in group regardless of embryo density indicating a higher grade of artificiality of blastocysts derived from WOW culture. Taken together, the WOW culture system provides a microenvironment for each individual embryo that compensates against the negative effects of low embryo densities. The WOWs increased the developmental rates of single bovine embryos to the blastocyst stage up to the level of embryos cultured in large groups with no differences in blastocyst quality in terms of differential cell counts and apoptosis level. Thus, this will provide benefit for single embryo culture allowing to produce single bovine IVP embryos of high medical and/or economical interest at high success rates. Moreover, we were able to show that the microenvironment beats the possibility to alter the embryonic gene expression profile in a dramatic manner. However, there is need for experiments comparing the post implantation developmental competence of bovine embryos derived from WOW culture and plain embryo culture to validate the benefit of the different gene expression profiles as well as to optimize WOW culture properties.
Materials and Methods
Preparation of the WOW 16 culture dish
Into the bottoms of the wells of a common five-well culture dish (Fa. Minitü b, Germany), we prepared WOWs by using standardized industrial borer of 0.7 mm diameter. A total of 16 small holes were produced in a 4!4 cluster in each well. Holes were like cylinders with a cylindrical bottom shape and 0.7 mm deepness. Bored WOWs were cleaned by rinsing with tissue culture medium and air bubbles inside of the holes were flushed out with small glass pipettes under a stereomicroscope. Again wells were washed thrice with CR1aa culture medium, which was already equilibrated at 39 8C and 5% (v/v) CO 2 in humidified air. Finally, all WOWs were overlaid with 500 ml CR1aa medium. Thus, each embryo was fixed in its own WOW, but all embryos were together harboured in one volume of culture medium.
Preparation of IVF zygotes
Bovine ovaries were obtained from a local slaughterhouse and brought into the laboratory in 30 8C saline within 3 h. Cumulus oocyte complexes (COCs) were aspirated from small follicles (2-8 mm) and COCs with a homogenous, evenly granulated ooplasm, surrounded by at least three layers of compact cumulus cells, were transferred to modified tissue culture medium (TCM199, Sigma) supplemented with 4.4 mM HEPES, 33.9 mM NaCHO 3 , 2 mM pyruvate, 2.9 mM calcium lactate, 55 mg/ml gentamicin and 12% (v/v) heat-inactivated oestrus cow serum. After washing three times, COCs were cultured in groups of 50 in 400 ml modified TCM supplemented with 10 mg/ml FSH (FSH-p; Sheering, Kenilworth, NJ, USA) for 24 h at 39 8C in a humidified atmosphere with 5% (v/v) CO 2 in air. Fertilization was performed in Fert-TALP medium (Parrish et al. 1988) supplemented with 20 mM penicillinamine, 10 mM hypotaurine, 2 mM noradrenaline, 6 mg/ml BSA, 50 mg/ml gentamicin and 1 mg/ml heparin. Final concentration of sperms in fertilization droplets was adjusted to 2!10 6 sperms/ml. Eighteen hours after co-culture, the embryos were washed thrice from sperms and cumulus cells and were placed transferred to in vitro culture.
In vitro culture of IVF embryos
Embryo culture was performed in humidified atmosphere with 5% (v/v) CO 2 in air at 39 8C for up to 8 days in 500 ml CR1aa culture medium (Rosenkrans & First 1994) overlaid with mineral oil. Embryos were randomly allocated to three different culture systems: culture in the WOW 16 culture system (each embryo fixed in one WOW but all 16 embryos were within the same volume of culture medium leading to an embryo density of 1:32, 
Assessment of developmental competence
Developmental competence was noted 48 h after placing the embryos into culture by counting the percentage of cleaved embryos and at day 8 by counting the number of embryos which reached blastocyst stage.
Differential cell count of TE and ICM
Differential cell counts were based on the immunological methods originally described previously (Handyside & Hunter 1984) . Briefly, the zona pellucida was removed by treatment with acid tyrode (pH 2.5). Zona-free blastocysts were then incubated in a 1:10 dilution of rabbit antibody (Sigma, in PBS for 30 min at 29 8C. After washing in PBS, C10% (v/v) FCS blastocysts were incubated in a solution of complement (guinea pig complement, sigma, final dilution 1:10), propidium iodide (Sigma, 10 mg/ml), FCS (8% (v/v)) in PBS for 30 min at 39 8C. Finally, the embryos were fixed in ice cold absolute ethanol with 19 mg/ml bisbenzimide stain (Hoechst 33258, Sigma B2883) for 20 h at K20 8C. Then, the embryos were transferred to a drop of glycerol on a glass slide and covered with a cover slip. Cell counting was done with a fluorescent microscope (Leika DM-IRB) with ICM cells appearing blue and TE cells appearing pink.
Assessment of cellular apoptosis
The TUNEL procedure was used to detect DNA fragmentation observed in late stages of apoptosis. Briefly, embryos were removed from culture medium (CR1aa) and washed four times in 100 ml drops of PBS (pH 7.4) containing 1 mg/ml PBS-PVP. Zona pellucida-intact embryos were fixed in a 100 ml drop of 4% (w/v) paraformaldehyde in PBS (pH 7.4) for 1 h at room temperature and washed twice in PBS-PVP. Embryos were then washed twice in PBS-PVP (2 min/wash) and permeabilized in 0.5% (v/v) Triton X-100 containing 0.1% (w/v) sodium citrate for 0,5 h at room temperature. After that embryos were washed in PBS-PVP and incubated with 50 ml TUNEL reaction mixture (containing FITC-conjugated dUTP, and the enzyme terminal deoxynucleotidyl transferase) for 1 h at 37 8C in the darkness. Labelling was observed using a Leika DM-IRB fluorescence microscope. Each embryo was analysed for the number of green/yellow fluorescent TUNEL-labelled nuclei indicating apoptotic cells. Finally, embryos were placed in PBS containing 5 mg/ml bisbenzimide stain (Hoechst 33258, Sigma B2883) for 5 min and were transferred on a glass slide covered with a cover slip. Total cell counting was done with a fluorescent microscope (Leika DM-IRB) with nuclei appearing blue.
Embryo collection and freezing
To collect in vivo derived blastocysts, Simmental heifers housed under identical conditions and of a similar age (20-24 months) were synchronized by injection of PGF2a twice (11 days between) followed by superovulation (Stimufol, Ulg FMV, Belgium) starting at day 11 after onset of oestrus. Flushings were performed as usual at day 7 post artificial insemination with D-PBS. Flushed in vivo derived blastocysts as well as blastocysts derived from in vitro culture were used for real-time PCR analyses. Blastocysts were washed twice in PBS and snap frozen in cryotubes, in groups containing a minimum of 10 embryos, containing minimal amounts of lysis buffer (0.8% Igepal (Sigma), 40 U/ml RNasin (Promega), 5 mM dithiothreitol (DTT; Promega)). All frozen embryos were stored at K80 8C until used for RNA isolation.
RNA isolation
Messenger RNA isolation of blastocysts was performed at different points during the whole experiment. 1) A total of six pools, each containing 20 blastocysts from WOW 16 and group of 16, were used for array analysis after amplification, 2) a total of three pools, each containing five blastocysts derived from WOW 16 culture system, group of 16 culture, group of 50 culture system and ex vivo (gold standard) was used for real-time validation of array results. In all cases, mRNA was isolated using Dynabead oligo (dT)25 (Dynal Biotech, Oslo, Norway) according to the manufacturer's instructions. Briefly, oocytes in lysis buffer were mixed with 40 ml binding buffer (20 mM Tris-HCl (pH 7.5), 1 M LiCl and 2 mM EDTA (pH 8.0)) and incubated at 70 8C for 5 min to obtain complete lysis of the oocytes and to release RNA. Ten microlitres of oligo (dT)25 attached magnetic bead suspension was added to the samples, and incubated at room temperature for 30 min. The hybridized mRNA and magnetic beads were washed thrice using washing buffer (10 mM Tris-HCL (pH 7.5), 0.15 mM LiCl and 1 mM EDTA (pH 8.0)). For each sample, cDNA synthesis has been performed using oligo (dT)23 primer and superscript reverse transcriptase II (Invitrogen) except for samples used in array analysis where the RT was performed using T7 promotorattached oligo d(T)21 primer.
RNA amplification
First-and second-strand cDNA syntheses were carried out as described in our previous studies (El Sayed et al. 2006) . Briefly, 1 ml of 20 mM T7 oligo d(T)21 primer (TCTAGTC GACGGC-CAGTGAATTGTAATACGACTCACTATAGG-GCG(T)21) was added to mRNA of the oocytes and co-incubated for 5 min at 70 8C and placed immediately on ice for 3 min. To this, 8 ml RT reaction mix (1!first-strand buffer, 0.3 mM dNTP, 0.1 mM DTT, 10 U of RNase inhibitor (Promega) and 200 U of Superscript II RT (Invitrogen)) were added to 11 ml mRNA sample. The reaction was incubated at 42 8C for 90 min and terminated at 75 8C for 15 min. Second-strand synthesis and global PCR amplification were carried out using degenerated oligonucleotides primer (DOP) and PCR master kit (Roche Diagnosis). For this, 20 ml first-strand cDNA product, 40 ml 2! DOP PCR master mix, 1 ml DOP primer to the final concentration, 1 ml 20 mM T7 oligo (dT)21 primer and 16 ml water were added and properly mixed. This PCR was heated at 95 8C for 5 min to denature the sample and to activate the polymerase, followed by cycle of denaturation at 95 8C for 30 s and annealing at 30 8C for 90 s. Unspecific primer annealing was achieved through application of relatively low annealing temperature. Subsequently, the temperature was increased at the rate of 0.2 8C/s until it reached 72 8C and incubated for 3 min at this temperature. To this, second-strand synthesis was completed and the global PCR amplification was continued for the rest of 10 cycles at 94 8C for 30 s, 60 8C for 30 s, 72 8C for 3 min and final extension at 72 8C for 7 min. The amplification of RNA using 10 cycles was used in a study done in our laboratory (Mamo et al. 2006) and it showed no effect on the representativeness of the original mRNA population after in vitro transcription. The cDNA was purified and used for in vitro transcription using AmpliScribe T7 transcription kit (Epicentre technologies, Oldendorf, Germany) according to the manufacturer's instruction. Briefly, 2 ml of 10!reaction buffer, 4 ml dNTP (100 mM each of ATP, CTP, GTP and UTP), 2 ml DTT and 2 ml T7 RNA polymerase were added to 10 ml of purified cDNA, mixed well and incubated at 42 8C for 3 h. At the end of incubation, 1 ml DNase has been added and incubated at 37 8C for 30 min. Then, the amplified RNA (aRNA) was purified using RNeasy Mini kit (Qiagen) according to the manufacturer's recommendations. Finally, the aRNA was eluted in 30 ml RNase-free water from which 8 ml was taken to estimate the yield, integrity, purity of aRNA by gel electrophoresis and u.v. absorbance reading at A260/ 280 using Ultrospec 2100 pro u.v./Visible Spectrophotometer (Amersham Bioscience).
Aminoallyl indirect labelling and dye coupling
Minimum Information About Microarray Experiments guidelines were adhered to in our experimental design. Three independent labelling reactions (including dye swaps, Cy3 and Cy5) were carried out per aRNA sample pertaining to each biological replicate. Accordingly, 3 mg aRNA from each blastocyst pool was used as template in RT reactions incorporating amino-modified dUTPs into the cDNA using the CyScribe Post-Labelling Kit (Amersham Biosciences). The aRNA, anchored oligo(dT) and random nanomer primers were co-incubated at 70 8C for 5 min followed by 10 min incubation at room temperature. Then 10 ml reaction mix (containing 4 ml of 5!first-strand buffer, 2 ml of 0.1 M DTT, 1.5 ml dNTP mix, 1.5 ml aminoallyl dUTP and 1ml CyScript reverse transcriptase) was added and incubated at 42 8C for 90 min. At the end of this reaction, 2 ml of 2.5 M NaOH was added to hydrolyse any rest of mRNA and incubated at 37 8C for 15 min. The aminoallyl-labelled cDNA samples were purified using CyScribe GFX Purification kit (Amersham Biosciences) after adding 10 ml of 2 M HEPES. The purified aminoallyl-labelled cDNA was then eluted in 60 ml 0.1 M sodium bicarbonate. The cDNA sample were differentially labelled indirectly using N-hydroxysuccinate-derived Cy3 and Cy5 dyes and incubated for 1.5 h at room temperature in darkness. At the end of incubation, non-reacting dyes were quenched by adding 15 ml of 4 M hydroxylamine solution (Sigma) and incubated for 15 min at room temperature in darkness. To avoid variation due to dye coupling, aRNA samples from the same group were labelled reversibly either with Cy3 or Cy5 for dye swaps hybridizations. The reaction was then purified with CyScribe GFX Purification kit (Amersham Biosciences). Samples were finally eluted in 60 ml elution buffer.
Probe hybridization
Pre-hybridization of the slides was performed by placing the array slides (BlueChip; Prof. Sirard, University of Laval, Québec, Canada) into a corning GAPS II slide container and incubating in warmed (55 8C) pre-hybridization buffer (5!SSC, 0.1% SDS (Sigma) and 1% BSA (Roche Diagnostic)) for 20 min. Following pre-hybridization, slides were rinsed for 1 min in boiling RNA-free water to denature probes and to wash unbound cDNA from the slide surface. Immediately, the slides were immersed in RNA-free water at room temperature then isopropanol for 1 min each. Then the slides were dried by centrifugation at R3000 g for 2 min. Hybridization and post-hybridization washes were carried out as described previously (Hedge et al. 2000) . Samples that were going to be hybridized on a specific array were mixed and dried in a speedvac (SPD111v-230) centrifuge (Savant, Holbrook, NY, USA), then the pellet was re-suspended in prewarmed (42 8C) formamide-based hybridization buffer (15 ml hybridization buffer (Amersham Bioscience), 30 ml 100% formamide and 15 ml DEPC water). To this, 2.5 ml yeast tRNA (4 mg/ml) and 2.5 ml Cot-human DNA (1 mg/ml; Invitrogen) were added to avoid non-specific hybridization. The pellet was denatured at 95 8C for 5 min, centrifuged briefly and hybridized to the array. The arrays were covered with glass cover slips (Roth, Karlsruhe, Germany) and placed and fixed well in the hybridization cassette (TeleChem International Inc., Sunnyvale, CA, USA). The cassette was incubated in a hybridization chamber (GFL, Dülmen, Germany) at 42 8C for 16-20 h. After hybridization, slides were washed twice with 2!SSC-0.1% SDS buffer for 5 min at 42 8C, then once with 1!SSC, 0.2!SSC and 0.1!SSC for 5 min each at room temperature. Finally, the slides were rinsed in RNA-free water, then into isopropanol for one min each and centrifuged at R3000 g for 2 min.
Array scanning and data analysis
The slides were scanned using Axon GenePix 4000B scanner (Axon Instruments, Foster City, CA, USA). The GenePix Pro 4.0 software (Axon Instruments) was used to process the images, find spots, integrate robot-spotting files and finally to create reports of spot intensity data. The LOWESS normalization of microarray data was performed using GPRocessor 2.0a software (http:// bioinformatics.med.yale.edu/group). The normalized data were used to calculate intensity ratios of all replicates and to obtain one value per clone. Ratios were finally log 2 transformed and submitted to SAM analysis. Microarray data analysis was performed using SAM, a free software developed at Stanford University (http://www-stat.stanford.edu/~tibs/SAM/). Hierarchical clustering and heatmap of log 2 -transformed data for up-and downregulated genes were generated using PermutMatrix (version 1.8.2) available at (http://www.lirmm.fr/ %7Ecaraux/PermutMatrix/). Genes expressed equally in both samples were not included in the hierarchical clustering.
Quantitative real-time PCR analysis
To validate microarray results, five genes were selected based on their relevance to bovine embryo development for further analysis by real-time PCR (Table 3 ). Quantitative analysis of cDNA samples was performed using ABI PRISM 7000 sequence detection system (Applied Biosystems, Foster City, CA, USA). The cDNA synthesized from all blastocyst samples were subjected to real-time PCR using GAPDH primer to test for any variation in the expression of this internal control gene as it has been used previously in studies of ours (Ghanem et al. 2007 ) and others (Misirlioglu et al. 2006) . After confirming that there were no significant differences in the relative abundance of GAPDH between samples, all transcripts were quantified using independent real-time PCR runs. Standard curves were generated for both the target and the endogenous control genes using serial dilution of plasmid DNA (10 1 -10 8 molecules). The PCR was performed in 20 ml reaction volume containing 9 ml of 2.5 ! RealMasterMix/20! SYBR (Eppendorf, Hamburg, Germany). During each PCR, samples from the same cDNA source were run in duplicate to control the reproducibility of real-time results. A universal thermal cycling parameter (10 s at 50 8C, 10 min at 95 8C, 15 s at 95 8C for 45 cycles and 60 s at 60 8C) was used to quantify each gene of interest. After the end of the last cycle, dissociation curve was generated by starting the fluorescence acquisition at 60 8C and taking measurements every 7-sec interval until the temperature reached 95 8C. Final quantitative analysis was done using the relative standard curve method and results were reported as the relative expression or n-fold difference to the calibrator after normalization of the transcript amount relative to the endogenous control (Tesfaye et al. 2004 ).
Experimental design
Experiment 1. Effect of microenvironment on in vitro developmental characteristics of bovine zygotes IVF-derived zygotes were randomly allocated into three culture groups: WOW 16 culture, group of 16 culture and group of 50 culture. While embryos cultured in the groups of 16 (effect of microenvironment) and 50 (total embryo density) served as controls, subsequent developmental characteristics in terms of development to the blastocyst stage and differential cell counts were analysed. Moreover, additional blastocysts of each group were produced and the corresponding apoptotic cell index was determined.
Experiment 2. Effect of microenvironment and embryo density on embryonic gene expression profile Day-8 blastocysts derived from WOW 16 culture and group of 16 culture system were compared by BlueChip array to identify differential expressed genes of these embryos. 
Statistical analysis
The data for this study were analysed using the Statistical Analysis System (SAS) version 8.0 (SAS Institute Inc., Cary, NC, USA) software package. Developmental rates of in vitro produced embryos were analysed by c 2 -test. Differences of P!0.05 were considered to be significant. Array data analysis was performed with the SAM software program developed at Stanford University (http://www-stat.stanford.edu/~tibs/SAM). Gene expression levels in day-8 blastocysts are expressed as folds, with in vitro produced embryos derived from group of 16 culture set to 1.0. The mRNA expression analysis for studied genes was performed based on the standard curve method. The relative expression data were analysed using general linear model (GLM) of the SAS software package version 8.0 (SAS Institute Inc). Differences in mean values were tested using ANOVA followed by a multiple pair wise comparison using t-test. Differences of P!0.05 were considered to be significant.
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